associated with the breakdown of peroxidized linolenic acid and the other involves the degradation of methionine. Although the formation of ethyilene from peroxidized linolenate has been demonstrated in model systems catalyzed by Cu24, oxygen and ascorbic acid (10) and by an apple extract in the presence of oxygen and ascorbic acid (4) , there is no direct evidence that it occurs in plant tissues.
The conversion of methionine to etlhylene in model systems (8, 19) and in plant tissues (2, 9) has been demonstrated. In the FMN-light mediated model system (19) , it has been established that methionine is converted to ethylene via methional (,a-methylthiopropionaldehyde) as an intermediate. Enzymic conversion of methionine analogs to ethylene catalvzed by peroxidase has been elucidated recently (5, 6, 11, 12, 15, 17) ; a-keto-y-methylthiobutyric acid and methional, but not methionine, are the active substrates. A chemical mechanism accounting for suich enzymic formation of ethylene has been described (15) (16) (17) (18) . On tlle basis of this information, Yalng (16) has proposed the following scheme for the biosynthesis of ethylene in plants: methionine -> a-keto-y-methylthiobutyric acid -+ methional -) ethylene.
In order to test the proposed pathways, radioactive linolenic acid and the appropriate radioactive methionine analogs were fed to apple tissue. None of these suggested precursors of ethylene was converted to ethylene as effectively as was methionine.
Materials and Methods
Materials. Linolenic acid-U-14C, L-methionine-U-"4C and DL-methionine-8H were obtained from ninhydrin according to the procedures described elsewhere (17) . fl-Methylthiopropylamine-3H was prepared from DL-methionine-3H witlh acetophenone (14) . It has been establishled that only the ethvlene moiety (carbons 3 and 4) of metllionine are converted to ethylene botlh in plant tissues (2, 9) , and in the FAIN-light model system (19) . For estimation of the specific radioactivity of the ethylene moiety of methionine, DL-methionine-3H (109 ,uc/ ,umole) was converted to ethylene by FMN and liglht (19) , and the specific radioactivity (46 ,tc/ txmole) of the ethylene thus produced was determined by gas radiochromatography as described below.
Feedin1g Experimiients With App'le Tissues. Plugs (1.0 cm in diameter and 2.0 cnm in leng,h) were cut from a mature apple fruit witlh a corkborer and razor blade as described previously (1) . The radioactive substrates in 2 % KCI were introduced into apple tissue either by a vacuum injection technique similar to that employed by Frankel ct al. (3), or by soaking (2) . The plugs were then sealed in 25 ml Erlenmeyer flasks.
Gas Analysis. Samples of the gas phase of the flasks were withdrawn for estimation of total ethylene and of radioactive ethylene and carbon dioxide by gas-chromatograph and gas radiochromatography, as previously described (1).
Results and Discussion
The substrates of interest were tested as precursors of ethylene in apple tissue, and the efficiency in each case was compared to that of methionine ( For the conversion of methionine to methional, 2 biochemical routes are possible. One is by oxidative deamination or transamination (via a-keto-ymetlhylthiobutyric acid) followed by decarboxylation. The other involves the decarboxylation (via 8-methylthiopropylamine) followed by oxidation of the corresponding amine to aldehyde. Although a-ketoy-methylthiobutyric acid was ani efficient precursor, it was not as efficient as methioniine. ,g-Methylthiopropylamine was inactive and, surprisingly, methional was a poor precursor. It is possible that methional, when supplied to apple tissue, may be converted into an inactive form. It is also possible that the methional wlhich is active in ethylene biosynthesis is an enzyme-bound form, and that exogenously supplied methional is not converted into the active intermediate. However, the present data do not support the hypothesis that methionine is converted to ethylene througlh methional. Since methionine and aketo-y-methylthiobutyric acid are interconvertible through transamination, it is not surprising that both substrates, when incubated for 2 1r, converted to ethylene with nearly equal efficiency as shown in table I. When the incubation period was reduced to 30 min, however, methionine was found to be converted to ethylene nearly twice as efficiently as a-keto-y-methvlthiobutyrate. These data suggest that methionine is a more direct precursor of ethylene in this system than is a-keto-y-methylthiobutyrate.
As in the model systeimi, methionine sulfoxide was an inefficient precursor (19) . The inefficiency of this conversion may be due to a limited reduction of methionine sulfoxide to methionine as a prerequisite to conversion to ethylene. Homoserine, which is a ,"jI, V ,i,I', Table I . The Conversion of Labeled Substrates to Ethylene by Apple Slices In Expt. 1, 5 or 6, the substrate was dissolved in 0.1 ml of 2 % KCI solution and then injected under vacuum into 1 plug of apple slice. In Expt. 2, 3 or 4, 2, 1 or 2 plugs of apple slice were soaked for 1 hr, respectively, in 2.8 ml, 0.6 ml or 1.6 ml of 2 % KCl solution containing the radioactive substrate. An apple was used for each experiment.
Linolenic acid was converted to ammonium salt before dissolving in 2 % KCl. Percent of conversion of the substrate to ethylene was calculated assuming that only L-isomer and the ethylene moiety of the substrate molecule are converted to ethylene. .
-Methionine-U-1 4C Although the conversion of metliionine to etlhylene in plant tissue has been established, details of the pathway and the chemical reactions involved in the conversion remain to be elucidated.
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